PCT WORLD INTS.LSCT- ■ V >> , m ORGANIZATION 



(SI) feierEWtfeissi ?aia»l 
C1GJ 3/02, 3/26 



ii!) laternsSonaS lAmSfc'atitm Ntiwsbeir; WO 99/35214 

(43) isterrfatsoiiiss PsbiscttSfcHi Bate: -5 My 5999 (15,07.99; 



11)1 n&ikmul Ifcstioi 
22 tetes Fs ssg )a£e: 



5 bft&sy 1999 (05,01.9$) 



9fetuary i998 (09.9i.99) 



1 *, S 

£CH < I 
72 &ivcj tors; and 

(75) Saveaeor^ApBlk-asiSs ;>V f/5 only}: JACCARD, Ldoa 
[CK'CH]; Gradlse;t;± CH-69S6 Curio |CB';, 3'ACCaRD, 
Jean, Patrick ICR/CH]; GradisetiR, CH-69 ! S6 Curio iCRC, 



A " . ' 

Corse D i b ' ri.no (IT). 



«tt ' iss: AL, AU. BA, BB, SG. 8R. CA. CN. CU. 
CZ. EE, GE, HR HG (D. 51. IS, TP. KP, Ax. LK, LK, LT. 

■■' i . ^ , s s. ] 1 

VN, - AR1PO caytot (GE % \ ; 9 MW. C 9,7, 

' v - - . 9 w 19 - , _ \ 

RU, TJ. ™\ Stsrowati patent (AT, _ CK. C¥. DE, A\ 
8. OS 1 ' ~ SEP OAPI 

patent (BF, BJ. CF, CG, CI. CM, GA, GN. GW, ML, MR, 
HE, SN, TD, TG5. 



(54) Title; A PROCESS AND APPARATUS FOR TREATING SOLID FULL MATERIALS 




(S?) Abstract 

Solid fuels, such as contaraiMiec blcsriass i solid city waste, are converted ir.ro a synthesized s by gasification and 3 a 

1 K\ r f> c jiu it ( w s i. o ■ - - e , i9i J ' .-vi-A *■ vj„ 

after a fraction of she fuels has undergone is J arid before i fuel has. been gasified. Cinder purification is made by complete 
i s 0 while the 'del that has 1 ^ <■ the s t n step without being completely t ^ n 1 In CO is recircalated by mixing 

re f i»< »s Is carried v ppa - > a v*rtical co-currer gsn (I c 

separation and removal of cinders (16, 19, S, 6) as well as a scorifestiors chamber (3) where cinders are purified from accompanying fuel 
material by complete combustion and are then collected in a waste tank (28). 
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"A urocess and apparatus for treating solid fee! materials' 5 
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According to & process disclosed is detail, for instance, in EP-0 663 433, tk : 
is fast compacted in a tubular channel of preferably circular cross-section, then 
thermally treated by a process of gasification and pyroiysis, wits generation, of a 
synthesized gas in the tabular channel, and the caxbonked material, afler the 
above heat treatment, is finally submitted to complete combustion at the end of 
the channel in a counter-current gasogen. la this taown approach, cinders are 
separated only alter complete combustion in ttie counter-current gasogen, due to 
the circumstance that the cinders are collected on the bottom of me gasogen, and 
then fall down onto a water bed acting as a sealing knTer to prevent gas 
exchanges between the gasogen and fee outside environment 

The above known approach has two main disadvantages. On the one hand, it is 
very dilHcnlf to have a sufficiently large gasification chamber, such that the 
necessary gasification step can be completed, this step consisting in the transffer- 
mation of C0 2s as developed in the partial combustion of a taction of the 
material, into the CO synthesized gas, as is the object of the invention. As a 
matter of fact, the annular gasification chamber should, if its aim is to he 
attained, take an excessive length, with considerable, and possibly aastamouat- 
able, constructive problems. On the other hand, cinders are separated and 
removed only after the complete combustion of the material m the counter- 
current gasogen has taken place, so that the cinders contemmte every step in the 



According to anofe known solution for a co-curre* - biisked in 

EP-0 365 935, a vertical, co-current gasogen comprises a combustion area for a 
fraction of fee material, having an annular shape, where the oxidant is fed from 
both the inner and/or outer sides, -and a gasification chamber for the remaining 
5 material which again is vertical and arranged shove and downstream of the 
combustion area, is the direction of displacement of the material 



This approach does in fact afford optimal conditions of gasification, inasmuch as 
it allows gasification chambers of practically unlimited extension to be built so 
as to insure complete transformation of the CO2 generated into CO. Moreover, 
10 this solution also provides for recirculating the material that has undergone the 
gasification step without being completely converted into the synthesized gas. 
Such recirculation consists in allowing the above material to overflow laterally at 
the end of fee gasification chamber and to drop s 

mix with fee fresh material. at the bottom. However, this solution is not suitable 
15 for use in the gasification of solid fuel materials producing cinders during com- 
bustion, such as wmtaminated biomass and solid city waste, because it lacks a 
device for separating, removing and purifying the cinders, which will therefore 
remam in fee gasogen and eventually clog it 




The above object is attained with a process lor treating sord rue! maieriais^com- 
30 claim I. 



ying out the process according 
to the preamble of claim 10 and hmmg &e features recited the characterizing 
pari of claim I & 
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The term "cinders" is used to refer to ail matter which is contained in fee fee! 

c- The mass percentage of cinders k the fuel can vary in a Jde rarlgs: 
generally is the range 0 to 50%. 

The cinders may originate directly from the removal earned out within gasogen 
1, or they may be part of fee dusts retained in the several purification modules 
for me synthesized gas (cyclone filters, cloth filters, electrostatic filters). The 
materia! with a high cinder content is conveyed, through a suitable duct, to 
purifying device 3, also called scorirlsaliors chamber. In this chamber, the 
1 is suitably treated so that only inert matter is c 



A connection duct 5 leading from gasogen 1 to scorifiearion chamber 3 is 
provided with a suitable material-eoiiveying system 6, which, depending on the 
geometrical relationship between the two main units, may consist in a horizontal 
anger 6 as shown, or in an feeiir 
offee vibrating type. 

The inventive gasogen is of me kind having a recirculating bed, die .flows of gas 
and of solid matter being co-current and oriented vertically. The heat required by 



s is supplied by the combustion of a % 
supplied. The oxidant required for partial combustion, may be, depending on 
circumsftaaces, plain sir, air enriched with oxygen, or pure oxygen. In any case, 
particularly where air is used, the oxidant is pre-heated to a temperature above 
5 WC, by using a fraction of fee available heat contained in the synthesized gas 
coming out fiom gasogen 1 at a high temperature (650 to 700 °C). Pie-heating 
allows the PCI of the gas to be increased, while improving combustion at the 



If accessary, in order to 
so hydrogen content (H 2 , 



the synthesis of gas molecules with 
fl, a mixture of oxidant ai 



The gasogen can operate either at atmospheric pressure or at higher pressures, in 
the range of a few tens of bars, so that the synthesis of hydrocarbons is promoted 



is The fresh feel material fed by auger 7 is mixed to the carbon resulting as a 
residue of gasification and emerging from duct 8, and is then propelled into the 
gasogen by injector auger 9. Within gasogen I, a vertical auger 10 c 




30 Under the actios of high temperature, which is also favored by the physical 
concentration of the combustion, and of the oxidant atmosphere psevaiikg in 
that area, the material undergoes a number of chemical reactions, leading to the 
formation of gas and carbon (mainly pyrolytic and combustion reactions). The 
I move towards the top of gasification chamber 12, 
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crossing carbon bed 13 located there. During their passage, the pyrolysis/eom- 
busftcn gas and the carbon react together chemically and physically until a final 
product is obtained which comprises the synthesized gas proper and the residual 
carbon that has not reacted. The synthesized gas emerges front carbon bed 13 
5 and collects within rest chamber 14 (win fee purpose of smoothing gas removal 
and of decanting a part of the suspended particulate) which in turn leads to gas 
outlet duct 15, The residual carbon is coKected by gravity in duct 8 to undergo a 
fresh gasification cycle. A portion of the cinders contained in the feel is removed 
through duct 5 and is processed separately in scormcation chamber 3. 



10 The central shaft k the gasification chamber, which is integral with the rotating 
vertical auger, is provided, at bottom and top ends, with respective shovels 16 

Lower shovels 16 are arranged tibiae-like, i.e. with surfaces forming an angle 
to the vertical direction. As the shaft rotates, shovels 16 and 17 push the sur~ 

15 rounding material upwards, and leave a small empty cavity on their lower sides 
along the entire shovel lengths. The empty cavity is invaded by the gas formed in 
the underlying combustion and pyrolysis, which, m the absence of any substan- 
tial resistance, will be distributed radially over the entire surface. Shovels 16 and 
17 have thus the task of distributing the eombustion-pyrolysis gas over the entire 

20 surface of chamber 12 and, since there is a relative motion between the shovels 
and me material, they also prevent the formation of preferential channels in the 
passage of the gas. As it will appear below, shovels 16 also have the function of 
helping separation between carbon and inert cinders, so mat the amount of fuel 
material to fee treated in scorificatioa chamber 3 is TQ&nzed. Upper shovels 17 are 

25 arranged horizontally and have merely me task of conveying the excess carbon 
toward recirculation port 18. 



During operation of the apparatus, a hierarchy of the rated .flow rates of the 
several augers should at all times be maintained: 

.18 rated tiamm k vert, auger 10 > rated flow-rats m injector auger 9 > ftowrate m supply auger ? 

The flow rates through vertical auger 10 and injector auger 9 are merely 
nominal, as vertical auger 10, for instance, will convey at any given time only 
what it receives from injector auger 9. Is this case the flow rate through vertical 



auger 10 would be equal to fee flow rate through injector auger 9, Similarly, 
injector auger 9 will convey at any given time the flow rate of supply auger 7 
plus fee flow rate of the recirculated carbon. The balance of the flow rates is 
1 due to the variations of their e 



An important peculiarity of the inventive gasogeo is the recirculation of the 
carbon mat has not reacted during gasification. The recirculation of a fraction of 
the carbon is already known from EP-0 565 935 mentioned above, bat the 
recirculation there is distinguished from the present invention because of the 
e between the beds is the respective c 



* The recirculating carbon {having a substantially homogeneous 
15 physical composition) mixes with, the fresh fuel before, entering the gasoges, thus 
t of the physical and chemical characteristics of the 
» area, and consequently stabilizing feat area. 



• The recirculating carbon reaching the combustion area, which is dry, hot and 
of a low grading, tends to burn before the fresh fuel with which it is mixed. This 
20 leads to a saving of a part of the pyrolized gas developing from the fuel, which 
s be burned in this oxygen-rich area. 




30 also the efficiency of the gasification reactions. Due to recirculation, inert matter 
is brought to the neighborhood of the cinder removal port 19, and its rate wifktri 



6 



WO 99/3521 4 



Hie amount of recirculating carbon is regulated by adjusting fee ratio between 
the few rates through supply auger 7 and through injector auger 9. The larger 
fee flow rate femagh injector aager 9 with respect to the flow rate through 
supply auger 7, the more carbon will be recirculated. Consequently, the material 
5 reaching fee combustion area will have a higher rate of carbon and a lower rate 
of fresh fcet 



The power developed in fee gasogen is regulated hy adjusting the flow rate of 
injected feci. An increase in the oxidant flow rate will give rise to an increase in 

io obvious that to a power variation of the gasogen will correspond a variation of 
the How rate of the fuel in fee same direction; this will give rise, consequently, 
to a variation of How rate in supply' auger 7. 

it should be noted that supply auger 7 is preferably not controlled by an operator 
directly, but rather it is governed by the level detector placed at fee top of the 
is carbon bed (not shorn). This will provide to keep the carbon level at a height 
feat is always slightly above fee height of fee recirculation port. 



The first step in the process of removal of inert mattes' or cinders contained in fee 
fuel takes place within gasogen I, and more particularly on fee bottom of gasific- 

20 atioa chamber 12. Due to the relative motion between lower shovels 16 and fee 
material, a sort of scrambling of the material is obtained. By taking advantage 
from the difference hi density and size grading of carbon and cinders, the latter 
can be made to settle (or "decant") on fee bottom of chamber 12. The rotary 
motion of shovels 16 then pushes the cinders toward fee removal port 16, where 

25 they are then removed, 

Gasogen I and gasification chamber 12 are two physically quite distinct devices. 
Commimicatioa between feem takes place in form of material removed from 
gasogen I and conveyed to scorification chamber 3 and in the form of com- 
bnstioa gas generated in scorification chamber 3 and reintroduced to gasification 
30 chamber 12 of gasogen 1. 

As already mentioned above, the transport of fee material can take place through 
a horizon X ox snc feed auger 6, by chute along an inclined duct, or ferongh any 



other transport devic . i ate at a high 

able, at the same time, to insure a complete seal. 



and which is 



During me transfer from gasogen 1 tc -o ... 5 n chamber 3, connections are 
also preferably provided wife other transport systems 20, which, for instance, 
convey dusts coming from fee gas filtering device. It is feus possible to reduce 
1 1 to fee mere inert matter coming from scorirlca- 

r;3. 



The material reaching fee scarification chamber 3 
10 taction of inert material and a less substantial fraction 



The task of scorification chamber 3 is to purify fee above -> 
so feat its outlet delivers cinders only. Tills step raises the overall efficiency of 
fee apparatus and avoids fee loss of fee chemical energy inherent to the carbon, 
is which would otherwise be wasted Moreover, the amount of cinders produced in 



t is achieved by blowing a metered amount of oxygen into 
r 3 (in form of plain air, enriched air or pure oxygen), so 
t is completely burned. Oxygen may be derived off fee 
20 primary air circuit of fee gasogen, or it may be supplied by a folly independent 

exclusively CG 2 , a CO fraction and possibly N 2 (when using air as an oxidant), 
is, e.g., subsequently added, through pipe 21, to the oxidant used in fee 
combustion of a fraction of fee material so feat it is partially reconverted to CO 
25 by exploiting fee "purifying" properties of fee carbon bed at fee same time. In 
order to avoid disturbing the composition of fee synthesized gas produced in 

amounts of oxygen and nitrogen, and in order to avoid removal of carhZ 
ifaamber 3, the oxidant Mown into fee 
s possible in fee required s 

ratio. 



The material comprising carbon and inert residue, emerging from gasogen I 
through pipe 8 and/or coming from the gas filtering device 4 through pipe 22, 
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reaches scarification chamber 3 through auger 6. This material is then engaged 
by soger 23 (which has a rated capacity larger than anger 6) and conveyed to 
annular combustion area 24, where, due to air blowing to the outside periphery 
and to fee high temperature, carbon combustion takes place, Hie combustion can 
, if necessary, as far as distribution chamber 25. Combustion ares 24 and 
r 25 are preferably built in a metal resistant to high temper- 

sorinac 



It should be noted that the material flow removed fern the gasogen < 
fee percentage of cinders in Hie carbon bed: the larger the flow, the less cinders 
will be present in gasification chamber 12. On the other hand, the higher is the 
20 Sow of removed material, fee more carbon is contained in it. 



The simplest way to manage the operation of scarification chamber 3 is to set a 
fixed value for fee material flow through auger 6 and an associated value for the 
oxidant low, so that fee stoichiometric ratio is approached. These values can be 
I by means of tests made on t 



A more accurate way of managing scorificatioa chamber 3, which, however, 
requires suitable sensors, is to regulate the flow of oxidant blown in. If the 
stoiehiometry of fee combustion is to be satisfied, fee oxidant Sow rate cor- 
responds to a given carbon flow rate. The material flow rate, which also contains 
cinders, is therefore detesmmzd as a faction of fee prescribed oxidant flow rate 
and of the carbon content in fee maternal. 

The stoiehiometry of common can be evaluated mainly in two ways: analysis 
of fee O2 content in fee combustion gas and/or analysis of the temperature of the 
aes. Through analysis of the presence of oxygen in the femes, any 
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10 « It does not generate emissions, became fee combustion femes are added to 
the oxidant and are reintroduced into combustion chamber 1 1, where they have a 
further chance to participate hi the specific chemical reactions a draw a benefit 
from the purifying properties of the carbon had. 



I I or 24 may be buHt m ceramic or in a 



The inventive process and apparatus can be applied in the heating treatment of 
any organic matter, in the widest meaning of the word (including matter of 
natural origin as well as mater of chemical origin, such as the several hydro- 
carbons, plastics, rubber, etc,), even if they contain substantial amounts of inert, 
and therefore incombustible, matter (as high as 50%). The peculiar mechanical 
structure has the ability to neat fuels of difiemet sizes and shapes. More partic- 
ularly, the process and apparatus of the invention cm use crumbled powders, 
briquettes, pellets, having a size or grading only limited by the i 



25 The resulting product is a so-called "weak" gas, having a £ 

and a flow rate depending on the fuel used, and capable of being wed to 

desired llid^or in the production of overheated steam for operating a turbine, or 
methanol, etc.). % 
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CLAIMS 



1. A process for treating 
solid city 
gasification step earned out 
the feel materials undergoes 
is the combustion is exploited 



and converting them into a 



gas, comprising: a feel 
in which a fraction of 
and the heat developed 



for gasifying the 



and removed from the fuel mate; 
and before it has been gasified; 



10 ~ cinders are then purified and co eeied afig e 



- me feel material which I 
^ I to gas (CO) is 



the gasification step without being fully 
by mixing it to fresh mater 



15 2. The process for 

bed in that the combustion 
purgation, is imxed to the 



according to claxth I, j 
C0 2 , as developed daring cinders 
of a fraction of the 



3. The process for treating solid fed 
20 ized In thai the oxidant is heated to a 



ig to claim 1, c 
than 400° by means of a 



3mthe< 



it 10 



a faction of the fee! s 



4. The process for 
iinibar 



il or 3, 



5,Thet 



a to one of 



I to 3. 



6. The process for treating solid &el materials according to one of claims 1 to 5, 
characterized in that plain air is nsed as an oxidant. 
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7. The process for treating solid &d materials according to one of claims 1 to 5, 
characterized in that air enriched with oxygen is used as an oxidant 

8. The process for treating solid fuel materials according to one of claims ! to 5, 
characterized in feat pure oxygen ss used as an oxidant. 

9. The process for treating solid fuel materials according to claim 1, charac- 
terized is that filter dust recovered in filtering the synthesized gas is added to the 
cinders, after separation and removal and before purification, so that the filter 
dust undergoes the same purification process. 

10. An apparatus for carrying oat the process of claim I, comprising a vertical, 



m of a fraction of the fuel material, where the aridanHs fed to both its 
inner and its outer sides, and a gasification chamber (12) for gasifying the 




- the floor of the gasification chamber (12) has a device (16, 19, 5, 6) &r 
separating and removing cinders, comprising a port (19) feeding the cinders and 
the accompanying fuel material, through a feeding channel (6), to a sconfieaiion 

transformed into CO^ while me cinders are collected, after purification, in a 
cinder tank 



- a recirculation device (17, 18, 8), located at the top of the gasification chamber 
(12) for reckculatbg the material which has undergone the gasification step 
without being completely transformed into the synthesized gas (CO), comprises 
a rotating material distributor in form of shovels (17), the recirculation device 
conveying the recirculating material to an outlet aperture (18) leading into a pipe 
(8) which feeds the recircdating material to a duct (7) for the supply of fresh 
fee! material, where the fesh fuel material is mixed with the recirculating 
material before being introduced into the gasogen (1) as a fuel rrhxfe. 

It The apparatus of claim 10, characterized in that the vertical co-current 
gasogen (1) comprises a rotating vertical auger (10) feeding the material upwards 



12. The apparatus of claims 10 or II, characterized m that the reeirculatsig 
device (17, 18, 8) feeds the recirculating fuel material to a feeding duct (7) for 

e ires el mate h is provtdec th a st suPstantu ion 

anger, where the fresh material is mixed with die recirculating material, and 
5 which hi torn feeds the mixtare of fresh fuel material and of recirculating 
material as feel, to the vertical auger 00) of the gasogen (I) tough a second 
substantially horizontal auger (9) opening into the vertical shell of the vertical 



13, The apparatus of claim 10. characterized m that the cinder separation and 
to removal device (16, 19, 5, 6) comprises a distributor unit (16) for distributing, 
conveying and aerating the material which collects on Hie floor of the gasifica- 
tion chamber (12), the distributor mat comprising one or more horizontal shovels 
(16) which rotate around a vertical gasogea axis, the shovels being obiicpe to the 
floor plane, so that they sweep a radial chamber extending for fee entire length 
is of the shovels (16) and having the function of smoothly distributing the 
combustion gas over the entke cross-section of the gasification chamber (12) 
whilst avoiding preferential gas flowing channels. 



14. The apparatus of claim 10, characterized in that, the scoriJSeation chamber (3) 
comprises a rotating vertical auger (23) which is supplied with cinders and with 

20 accompanying fuel material through a substantially horizontal anger (6) opening 
in me vertical shell of the auger (23) of the scarification chamber (3) and in that 
the purMcatioc of fee cinders takes place by way of combustion of the accom- 
panying fuel material in an annular combustion chamber (24) located lit the 
upper portion of the auger (23) of the scarification chamber (3), and supplied 

25 with oxidant at least at one of the annular peripheries of the combustion 
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